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.2013.03.0Abstract Based on qualitative samples collected from different habitats, in three sampling
occasions through the years 2009–2010, the current work aims to investigate the diversity and
spatio-temporal distribution of macro-invertebrate assemblages at spring ﬂows of Tsuya Stream,
Gifu Prefecture, central Japan. A total of 2889 individuals representing 65 taxa of invertebrates
were collected from the two investigated sites (inlet and the main-channel). Thirty-two new taxa
were recorded which include 1 Turbellaria, 8 Oligochaeta, 1 Hirudinea, and 22 Insecta comprising
1 Ephemeroptera, 1 Odonata, 4 Trichoptera, 1 Coleoptera and 15 Diptera (1 Simuliidae and 14 Chi-
ronomidae). Aquatic insects constituted about 69% and 82% of the total recorded taxa and indi-
viduals, respectively. More individuals and taxa were recorded at the inlet site with dipterans being
predominant at both sites. Muddy habitat of the inlet site sustained more individuals than sub-
merged macrophyte and gravel habitats although the taxon richness did not exhibit clear differ-
ences. Moreover, neither of the studied habitats (macrophyte and gravel) in the main-channel
site showed a clear tendency to collect more taxa nor individuals. Of the non-insect groups, Mol-
lusca and Oligochaeta exhibited more individuals in the main-channel site, and meanwhile Crusta-
cea showed higher number at the inlet site. Ephemeroptera and Chironomidae (Diptera) indicated
higher numbers in the inlet site and Trichoptera showed more individuals at the main-channel site.nstitute of Oceanography and
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40 Kh.M. Abdelsalam, K. TanidaThe temporal distribution of macrobenthic fauna showed a narrow range of variation (range of
taxon richness: 40–47, individual number: 934–1001) with more taxa in July 2010. The estimated
taxon richness of the mother community by Preston and Morisita methods also revealed higher val-
ues in July 2010. However, taxa abundance curve of chironomid larvae showed a distinct pattern
approximated by the Random Fraction model of community organization.
ª 2013 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Figure 1 Sampling sites at the Tsuya Stream; upper: the main
channel site. Lower: the inlet site (spring and ﬂows at the North
Water Treatment Park).Introduction
The Japanese Archipelago has numerous and variable types of
springs and spring ﬂows since, it has many volcanoes and sea-
origin limestone sedimentation. The sizes of spring ﬂows are
widely variable, from the huge volcanic spring of Kakida River
in Shizuoka Prefecture (Nozaki and Tanida, 2006) to small
spring runs. Regarding the benthic macro-invertebrates of
spring ﬂows, there are only a few records in Japan (e.g. Ito,
1988; Nozaki and Tanida, 2006). The spring runs of the pres-
ent survey of macro-invertebrates are situated at the foot of the
sea-origin and limestone Yoro Mountains. The Tsuya Stream
is a tributary of the Ibi River and situated at the foot of Yoro
Mountains in Gifu Prefecture, central Japan. Abdelsalam and
Tanida (2009) have given, for the ﬁrst time, an inventory of
benthic fauna of Tsuya Stream using samples collected from
two sampling sites, during June 2005. In the present study
we tried to update these results by surveying different habitats
of the stream, in three sampling occasions throughout the
years 2009–2010.
It is well established that the distributional pattern of aqua-
tic organisms is a result of interactions between different phys-
ical, chemical and biological factors. These factors include
geomorphology of the stream bed (Wallace and Webster,
1996), land-use (Resh et al., 1988), substrate type (Buss
et al., 2004), hydraulic conditions (Statzner et al., 1988), water
temperature (Townsend et al., 1997; Merritt et al., 2008), hab-
itat stability (Death and Winterbourn, 1995) and biological
interactions. Springs and spring ﬂows such as Tsuya Stream
are relatively stable in ﬂow and water temperature regimes
throughout the year which harbour some characteristic
organisms.
While the most important parameter to evaluate the diver-
sity of community is the species richness, the total number of
species in the mother community is the most noticeable and
important measure (Nakano and Tanida, 1999). The words
‘‘mother community’’ and ‘‘sample community’’ were used
by Morisita (1996), equivalent to mother population(s) vs sam-
ple ones. However, it is fairly difﬁcult to know the species
number of a mother community from the species abundance
data. To cover this difﬁculty, many theoretical (statistical or
biological) models have been suggested for species-abundance
relationship in communities. Preston’s curve (Preston, 1948;
Kimoto, 1976) is one of the oldest statistical methods that
has been used most frequently (Nakano and Tanida, 1999).
In the present work, we will also apply the method of Morisita
(1996) who has estimated and compared diversity parameters
of species composition in various kinds of communities.
As samples of this study were qualitatively collected, it was
unlikely to consider the abundance of the community. Alterna-
tively, the patterns of relative abundance of taxa reﬂect somekinds of community structure, and there are several niche-ori-
entated models considering biological process of community
organization (Tokeshi, 1990). Empirical attempts have been
made to ﬁt models to real data with small numbers of closely
related species such as chironomid larvae (Tokeshi, 1990; Tan-
iguchi et al., 2003).
The aim of the present study is to deﬁne the macro-inverte-
brate fauna and its spatial and temporal distribution in Tsuya
Stream, Gifu Prefecture, central Honshu, Japan. It aims also
to estimate the taxon richness of the mother community using
Preston (1948) and Morisita (1996) methods during different
sampling occasions. As well as, attempts have been made, on
data of relative abundance of Chironomidae, to ﬁt the most
appropriate model of abundance.
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Area of study
The Tsuya Stream has many inlets with springs along the
shoreline (Mori, 1985, 1987a,b, 1993). Samples were collected
from two sites, the ﬁrst is at the main-channel with slow-ﬂow-
ing area (the main-channel site: 351500600 N, 1363401700 E) and
the second is an inlet with spring at the North Water Treat-
ment Park (the inlet site: 351500100 N, 1363401900 E) (Fig. 1).
Qualitative benthic sampling was performed through three
sampling occasions in the years 2009–2010 namely; 10 Octo-
ber, 2009; 20 March, 2010 and 18 July, 2010. Sampling was
conducted from different habitats. The habitats of the inlet site
appear to be more heterogenic and complex than the main-
channel site, with the concomitance of lotic and lentic areas.
The main-channel site is more stagnant or slow-ﬂowing. Elo-
dea (a genus of submerged macrophyte often called the water
weeds) is an important part of Tsuya River ecosystems. It pro-
vides a good habitat for many aquatic invertebrates, and a
shelter for young ﬁsh and amphibians. Macrophyte, mud
and gravel habitats were sampled in the inlet site while, macro-
phyte and gravel habitats were surveyed in the main-channel
site except in October 2009 when the habitat was not deﬁned.
Methods
Some physicochemical parameters such as water temperature,
conductivity, pH, and dissolved oxygen were measured in the
ﬁeld using the meter model type (AEM1-D, Alec Electronics
Co. Ltd., Japan)Table 1 Some physicochemical parameters recorded at both sites o
Inlet site
October 2009
Water temperature (C) 16.8
Conductivity (ls/cm) 114
pH 6.16
D.O. (mg/l)
Surface 7.64
Bottom
Sub-bottom 0.05 (Penetration dis.
March 2010
Water temperature (C) 16.5
Conductivity (ls/cm) 128
pH 7.30
D.O. (mg/l)
Surface 8.15
Bottom 0.17
Sub-bottom 0.17 (Penetration dis.
Sub-bottom 0.20 (Penetration dis.
Sub-bottom 0.23 (Penetration dis.
July 2010
Water temperature (C) 17.9
Conductivity (ls/cm) 90
pH 6.46
D.O. (mg/l)
Surface 8.01
Bottom
Sub-bottom 0.48 (Penetration dis.
Sub-bottom 0.41 (Penetration dis.Invertebrate samples were collected using a D-frame net
(mesh ca. 0.5 mm.), for about 10 min by 1 person. Kicking
and sweeping was used at muddy and gravel habitats and
sweeping only was used at water weed habitat. Kick and sweep
– this technique is highly versatile; it can be used on rock, sand,
gravel, and mud bottoms. Carter and Resh (2001) surveyed the
sampling methods used by the US state agencies for collecting
macro-invertebrates and discovered that kick sampling was by
far the most common technique used, especially with a D-
frame net.
Aquatic macro-invertebrates with organic particles were
transferred into 250 ml PVC bottles, ﬁxed and stored in 5–
10% formalin solution. In the laboratory, macro-invertebrates
were sorted and preserved in 70% ethyl alcohol. Specimens
were identiﬁed to the lowest possible level using relevant refer-
ences. Thorp and Covich (2001) was consulted for the phylog-
eny of the recorded invertebrate groups. Tanypodinae
(Diptera) was identiﬁed only at the sub-family level, as most
materials were too small and immature ones. Since this taxon
probably contained several genera, we excluded it in the anal-
ysis of estimating taxon richness of the mother community.
To estimate the taxon richness in the mother community
from samples, Preston method (1948) and Morisita method
(1996) were used, as applied by Nakano and Tanida (1999).
According to the Preston method, taxa are grouped into oc-
tave (rank of abundance in a logarithmic scale on 2 as base).
The principle formulas are as follows:
SR ¼ S0eðaRÞ2
R ¼ xmf Tsuya Stream through the years 2009–2010.
Main site
18.2
153
6.20
8.96
= 10 cm)
16.3
185
7.30
10.09
= 11 cm) 2.06 (Penetration dis. = 22 cm)
= 5 cm) 9.89 (Penetration dis. = 3 cm)
= 2 cm) 10.04 (Penetration dis. = 2 cm)
19.4
212
5.91
8.13
= 2 cm)
= 2 cm)
Table 2 Taxonomic composition of macro-invertebrate taxa recorded at Tsuya Stream through the years 2009–2010, with number of
total collected individuals compared with data of June 2005 (Abdelsalam and Tanida, 2009) at the same area [Phylogenetic order is
according to Thorp and Covich (2001)].
Order Family Taxon 2005 2009–2010
Hydroida Hydridae Unidentiﬁed genus 1 –
Tricladida Planariidae D. japonicab – 1
Basommatophora Physidae Physa acuta 79 1
Lymnaeidae Austropeplea ollula 1 –
Radix (Auricularia) japonica 1 –
Mesogastropoda Pleuroceridae Semisulcospira sp. 5 53
Heterodonta Corbiculidae Corbicula (Corbiculina)sp. 1 22
Tubiﬁcida Naididae Nais communis 11 –
Arcteonais lomondi 1 –
Dero sp.b – 1
O. serpentinab – 8
P. longisetab – 1
P. osbornib – 1
S. appendiculatab – 8
Slavina sp.b – 1
Tubiﬁcidae Aulodrilus japonicus 4 1
Branchiura sowerbyi 2 12
Limnodrilus hoﬀmeisteri 2 –
Limnodrilus sp. 1 –
E. yamaguchiib – 3
Subfamily: Tubiﬁcinae Unidentiﬁed genusa,b – 26
Lumbriculida Lumbriculidae Lumbriculus mukoensis 1 –
Lumbriculus sp. 1 71
Rhynchobdellida Glossiphoniidae Glossiphonia sp. 1 –
Arhynchobdellida Erpobdellidae Dina sp.b – 27
Collembola Unidentiﬁed family of Collembola 1 –
Ephemeroptera Ephemeridae Ephemera orientalis 4 337
Caenidae Caenis sp.b – 13
Baetidae Labiobaetis atrebatinus orientalis 37 104
Baetis sp. J 11 20
Cloeon sp. 1 –
Odonata Calopterygidae Calopteryx sp. – 2
Calopteryx atrata 6 –
Aeshnidae Planaeschna milnei 2 –
Cordulegastridae A. sieboldiib – 1
Plecoptera Nemouridae Nemoura sp. 12 37
Nemoura fulva (#) 2 –
Hemiptera Corixidae Unidentiﬁed genusa 2 –
Gerridae Aquarius sp. 37 1
Megaloptera Sialidae Sialis japonica 16 47
Trichoptera Rhyacophilidae R. brevicephalab – 1
Hydroptilidae Hydroptila sp. 2 9
Polycentropodidae Plectrocnemia sp. 6 27
Hydropsychidae Cheumatopsyche sp. 5 –
Cheumatopsyche brevilineata – 139
Cheumatopsyche sp. 5 –
Phryganeidae Unidentiﬁed genusa 1 –
Lepidostomatidae Lepidostoma sp. 4 2
Apataniidae Apatania sp. 1 1
Goeridae G. japonicab – 1
Leptoceridae Mystacides sp.b – 6
Molannidae M. moestab – 7
Coleoptera Dytiscidae Unidentiﬁed genusa,b – 1
Diptera Tipulidae Tipula sp. 5 1
Hexatoma sp. 1 1
Ceratopogonidae Unidentiﬁed genera 4 –
Simuliidae Simulium sp.b – 2
Chironomidae
Subfamily: Tanypodinae Unidentiﬁed generaa 31 91
Subfamily: Diamesinae Potthastia sp.b – 1
Subfamily: Prodiamesinae Monodiamesa sp. 6 11
Prodiamesa sp.b – 1
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Table 2 (continued)
Order Family Taxon 2005 2009–2010
Subfamily: Orthocladiinae Brillia sp. 3 –
Chaetocladius sp. 2 –
Cricotopus sp. 10 7
Diplocladius sp.b – 1
Limnophyes sp.b – 3
Orthocladius sp. 3 6
Psectrocladius sp.b – 6
Thienemanniella sp.b – 5
Subfamily: Chironominae Chironomus sp. 5 23
Cladotanytarsus sp.b – 3
Cryptochironomus sp.b – 9
Demicryptochironomus sp.b – 2
Endochironomus sp.b – 1
Micropsectra sp. 21 –
Microtendipes sp.b – 7
Paratanytarsus sp. 12 134
Paratendipes sp.b – 108
Phaenopsectra sp.b – 2
Polypedilum spp. 50 362
Rheotanytarsus sp. 1 178
Stictochironomus spp. 15 567
Tanytarsus sp.b – 74
Amphipoda Anisogammaridae Jesogammarus ﬂuvialis 15 38
Isopoda Asellidae Asellus hilgendorﬁi 54 53
Decapoda Atyidae Paratya sp. 3 180
Cambaridae Procambarus clarkii 3 19
Total number of taxa 52 65
Total number of individuals 506 2889
a Early stage or instar and unable to identify to genus level.
b Newly recorded taxa in the present study.
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2s2
where x is octave, SR is the taxon number in the octave which
is R octaves different from the modal octave, S0 is the taxon
number in the modal octave (m), s is the standard deviation
of the estimated taxon number in the natural community. S0
was estimated by the linear weighted moving average. The to-
tal taxon number of the natural community Q
^
P will be:
Q
^
P ¼
Z þ1
1
SRdx ¼ S0
ﬃﬃﬃ
p
p
a
For the estimation of a on Preston curve, the simple regres-
sion method was used by plotting ln (SR/S0) to R
2 on a normal
scale (Nakano and Tanida 1999), the most divergent points
were omitted from the regression.
The basic formula of Morisita method is
Q
^
m ¼ Sþ M
1 2
ﬃﬃﬃﬃ
S
Nb
q
where S is the number of taxa observed in samples and N is the
total number of individuals in the sample community and Q
^
m
is the estimated number of taxa in the natural community;
b ¼ NðN 1ÞP
xðx 1Þ M ¼ S1
S
S S1
where x is the number of individuals of each taxon and S1 is
the number of taxa only represented by a single individual in
sample.As previously mentioned, it was unlikely to consider the
abundance of the community. So, data on patterns of relative
abundance (R.A.) of chironomid taxa were ﬁtted and approx-
imated with the most appropriate niche-apportionment models
(Tokeshi, 1990; Taniguchi et al., 2003).
R:A: ¼ ni
N
where ni is the number of the ith species, and N is
the total number of chironomids.
Results
Physicochemical variables
Readings of some physicochemical variables recorded at Tsuya
Stream (Table 1) revealed that the water temperature was al-
most stable during the different sampling occasions, with high-
er values in the main-channel site during October 2009 and
July 2010. The main-channel site also showed higher values
of conductivity (ls/cm) and D.O. (mg/l) through different
sampling dates.
Taxonomic composition
In the present study, a total of 2889 specimens representing 65
taxa of benthic macro-invertebrates were identiﬁed. Thirty-two
taxa are new records within the area which include 1 Turbellar-
ia, 8 Oligochaeta, 1 Hirudinea, and 22 Insecta including 1
Ephemeroptera, 1 Odonata, 4 Trichoptera, 1 Coleoptera and
15 Diptera (1 Simuliidae and 14 Chironomidae) (Table 2).
These new records are Dugesia japonica, Dero sp., Ophidonais
Table 3 Composition of macrobenthic invertebrate taxa among microhabitats of the inlet site at Tsuya River through the years 2009–2010.
Microhabitat Oct. 2009 Mar. 2010 Jul. 2010 Total
Order Family Taxon Macro. Mud Grav. Macro. Mud Grav. Macro. Mud Grav.
Mesogastropoda Pleuroceridae Semisulcospira sp. 17 9 1 1 2 30
Heterodonta Corbiculidae Corbicula (Corbiculina)
sp.
1 1
Tubiﬁcida Naididae Dero sp. 1 1
Ophidonais serpentina 7 1 8
P. longiseta 1 1
P. osborni 1 1
S. appendiculata 5 2 1 8
Slavina sp. 1 1
Tubiﬁcidae B. sowerbyi 5 3 3 11
Subfamily: Tubiﬁcinae Unidentiﬁed genusa 1 7 2 2 1 2 15
Lumbriculida Lumbriculidae Lumbriculus sp. 8 1 1 3 1 14
Ephemeroptera Ephemeridae E. orientalis 1 65 26 95 5 111 7 1 19 330
Caenidae Caenis sp. 9 3 1 13
Baetidae L. atrebatinus orientalis 66 2 5 73
Odonata Calopterygidae Calopteryx sp. 2 2
Plecoptera Nemouridae Nemoura sp. 1 5 22 3 1 4 36
Hemiptera Gerridae Aquarius sp. 1 1
Megaloptera Sialidae S. japonica 1 5 4 2 1 5 29 47
Trichoptera Rhyacophilidae R. brevicephala 1 1
Hydroptilidae Hydroptila sp. 1 1 7 9
Polycentropodidae Plectrocnemia sp. 3 2 21 26
Lepidostomatidae Lepidostoma sp. 1 1
Leptoceridae Mystacides sp. 1 1 3 1 6
Molannidae M. moesta 1 1 5 7
Coleoptera Dytiscidae Unidentiﬁed genusa 1 1
Diptera Chironomidae
Subfamily:
Tanypodinae
Unidentiﬁed genera 4 24 9 3 6 9 22 2 79
Subfamily: Diamesinae Potthastia sp. 1 1
Subfamily:
Prodiamesinae
Monodiamesa sp. 4 1 3 8
Prodiamesa sp. 1 1
Subfamily:
Orthocladiinae Cricotopus sp. 1 1 1 1 1 1 6
Orthocladius sp. 1 3 1 5
Psectrocladius sp. 1 2 2 1 6
Thienemanniella sp. 1 1 2
Subfamily:
Chironominae Chironomus sp. 3 14 1 1 2 21
Cladotanytarsus sp. 1 1
Cryptochironomus sp. 5 5
Endochironomus sp. 1 1
Microtendipes sp. 5 5
Paratanytarsus sp. 71 8 5 11 22 13 4 134
Paratendipes sp. 2 50 30 7 1 16 106
Polypedilum spp. 7 12 19 32 12 5 262 3 352
Rheotanytarsus sp. 3 3
Stictochironomus spp. 9 9 9 256 104 4 166 10 567
Tanytarsus sp. 1 1 5 1 6 50 4 68
Amphipoda Anisogammaridae J. ﬂuvialis 5 1 1 1 2 1 11
Isopoda Asellidae A. hilgendorﬁi 1 1 2 7 3 11 25
Decapoda Atyidae Paratya sp. 16 103 3 41 2 5 1 171
Cambaridae Procambarus clarkii 11 3 2 16
Total number of
taxa
20 20 20 11 16 20 23 22 19 48
Total number of
individuals
212 320 135 161 337 308 71 571 123 2238
Macro. =Macrophyte, Grav. = Gravel.
a Early stage or instar and unable to identify to genus level.
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Table 4 Composition of macrobenthic invertebrate taxa among microhabitats of the main-channel site at Tsuya River through the
years 2009–2010.
Microhabitat Oct. 2009 Mar. 2010 Jul. 2010
Order Family Taxon Not deﬁned Macrophyte Gravel Macrophyte Gravel Total
Tricladida Planariidae D. japonica 1 1
Basommatophora Physidae P. acuta 1 1
Mesogastropoda Pleuroceridae Semisulcospira sp. 4 1 5 13 23
Heterodonta Corbiculidae Corbicula (Corbiculina) sp. 11 1 2 7 21
Tubiﬁcida Tubiﬁcidae Aulodrilus japonicus 1 1
B. sowerbyi 1 1
E. yamaguchii 2 1 3
Subfamily: Tubiﬁcinae Unidentiﬁed genusa 6 1 3 1 11
Lumbriculida Lumbriculidae Lumbriculus sp. 27 2 15 4 9 57
Arhynchobdellida Erpobdellidae Dina sp. 5 1 8 8 5 27
Ephemeroptera Ephemeridae E. orientalis 4 1 1 1 7
Baetidae L. atrebatinus orientalis 13 13 3 2 31
Baetis sp. J 10 10 20
Odonata Cordulegastridae A. sieboldii 1 1
Plecoptera Nemouridae Nemoura sp. 1 1
Trichoptera Polycentropodidae Plectrocnemia sp. 1 1
Hydropsychidae Cheumatopsyche brevilineata 82 4 23 30 139
Lepidostomatidae Lepidostoma sp. 1 1
Apataniidae Apatania sp. 1 1
Goeridae Goera japonica 1 1
Diptera Tipulidae Tipula sp. 1 1
Hexatoma sp. 1 1
Simuliidae Simulium sp. 1 1 2
Chironomidae
Subfamily: Tanypodinae Unidentiﬁed genera 7 1 2 2 12
Subfamily: Prodiamesinae Monodiamesa sp. 1 1 1 3
Subfamily: Orthocladiinae Cricotopus sp. 1 1
Diplocladius sp. 1 1
Limnophyes sp. 3 3
Orthocladius sp. 1 1
Thienemanniella sp. 2 1 3
Subfamily: Chironominae Chironomus sp. 1 1 2
Cladotanytarsus sp. 2 2
Cryptochironomus sp. 2 1 1 4
Demicryptochironomus sp. 2 2
Microtendipes sp. 1 1 2
Paratendipes sp. 2 2
Phaenopsectra sp. 2 2
Polypedilum sp. 1 8 1 10
Rheotanytarsus sp. 105 12 2 56 175
Tanytarsus sp. 6 6
Amphipoda Anisogammaridae J. ﬂuvialis 21 1 2 2 1 27
Isopoda Asellidae A. hilgendorﬁi 8 2 12 6 28
Decapoda Atyidae Paratya sp. 8 1 9
Cambaridae P. clarkii 3 3
Total number of taxa 26 18 21 19 12 44
Total number
of individuals
334 63 85 127 42 651
a Early stage or instar and unable to identify to genus level.
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diculata, Slavina sp., Embolocephalus yamaguchii, unidentiﬁed
genus of Tubiﬁcidae, Dina sp., Caenis sp., Anotogaster siebol-
dii, Rhyacophila brevicephala, Goera japonica, Mystacides sp.,
Molanna moesta, unidentiﬁed genus of Dytiscidae, Simulium
sp., Potthastia sp., Prodiamesa sp., Diplocladius sp., Limnoph-
yes sp., Psectrocladius sp., Thienemanniella sp., Cladotanytar-
sus sp., Cryptochironomus sp., Demicryptochironomus sp.,Endochironomus sp.,Microtendipes sp., Paratendipes sp., Phae-
nopsectra sp. and Tanytarsus sp.
Non-insect groups were represented by Turbellaria, Gas-
tropoda, Plecepoda, Oligochaeta, Hirudinea, Amphipoda, Iso-
poda and Decapoda. Meanwhile, aquatic insects were
classiﬁed into 8 orders and 21 families. These orders include
Ephemeroptera, Odonata, Plecoptera, Hemiptera, Megalop-
tera, Trichoptera, Coleoptera and Diptera. Aquatic insects
Table 5 Spatio–temporal variations of taxon richness of benthic invertebrates recorded at the inlet and main-channel sites of Tsuya
River through the years 2009–2010.
Inlet site Main-channel site Total
Macrophyte Mud Gravel Subtotal Macrophyte Gravel Not deﬁned Subtotal
Oct-09 20 20 20 29 – – 26 26 40
Mar-10 11 16 20 29 18 21 – 26 44
Jul-10 23 22 19 37 19 12 – 25 47
Total 33 33 33 48 27 27 26 44 65
46 Kh.M. Abdelsalam, K. Tanidaconstituted about 69% and 82% of the total recorded taxa and
individuals, respectively. Only 9 taxa of aquatic insects were
identiﬁed to species level.
Spatio–temporal variations
A total of 48 taxa representing 2238 individuals were recorded
from the inlet site, compared to 44 taxa constituting 651 indi-
viduals from the main-channel site (Tables 3 and 4).
At the inlet site, non-insect groups formed 15 taxa with a
number of 314 individuals, meanwhile the insect groups were
33 taxa represented by 1924 individuals. Mollusca, Oligochae-
ta and Crustacea formed about 10%, 19% and 71% of the to-
tal number of non-insect groups, respectively. Ephemeroptera,
Trichoptera and Chironomidae (Diptera), respectively consti-
tuted about 22%, 3% and 71% of the total number of insect
groups (Table 3). All monthes
 octave
N
o.
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f t
ax
a/
 o
ct
av
March 2010
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N
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r = 0.91        P < 0.0005 
a = 0.160 
r = 0.93        P < 0.0005 
a = 0.21 
Figure 2 Taxa-abundance patterns on octaves for benthic inverIn the main-channel site, the non-insect groups composed
of 14 taxa comprising 213 individuals meanwhile 30 taxa of in-
sect groups representing 438 individuals were identiﬁed. Mol-
lusca, Oligochaeta and Crustacea formed about 21%, 34%
and 31% of the total non-insect number, respectively. Mean-
while, Ephemeroptera, Trichoptera and Chironomidae (Dip-
tera) constituted about 13%, 33% and 53% of total number
of insects, respectively (Table 4).
Of the non-insect groups, Mollusca and Oligochaeta exhib-
ited more individuals in the main-channel site. Meanwhile,
Crustacea showed higher number at the inlet site. Concerning
Insecta, Ephemeroptera and Chironomidae (Diptera) indi-
cated higher individual numbers in the inlet site and Trichop-
tera showed more individuals at the main-channel site. The
faunal similarities between the two sites (Jacquard Index) were
small ranging from 0.25 in March 2010 to 0.37 during October
2009.October 2009
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tebrates of Tsuya River during different sampling occasions.
Table 6 Estimated taxon richness of mother communities
(Q
^
m, Q
^
P) and statistical parameters in sample communities at
Tsuya Stream.
Sample S N S1 Q
^
m Q
^
P r for ‘‘a’’ P
All months 64 2798 19 94 109 0.915 <0.0005
October 2009 39 957 8 50 57 0.837 <0.01
March 2010 43 933 12 64 64 0.932 <0.0005
July 2010 46 908 16 76 65 0.860 <0.005
S: cumulative taxon richness observed in samples; N: total indi-
viduals’ number collected; S1: number of taxa only with a single
individual; Q
^
m: taxon richness of mother community estimated by
the Morisita method; Q
^
P: taxon richness of mother community
estimated by the Preston method; r: Correlation coefﬁcient for
estimate ‘‘a’’ and P: signiﬁcant of the regression.
Figure 3 Rank-abundance patterns of ﬁfteen-species assem-
blages expected from 6 different models: DD, Dominance Decay;
MF, MacArthur Fraction; RF, Random Fraction; RA, Random
Assortment; CM, Composite; DP, Dominance Preemption (after
Tokeshi, 1990).
Diversity and spatio-temporal distribution of macro-invertebrate communities 47It is obvious that muddy habitat of the inlet site sustained
more individuals than macrophyte and gravel habitats
although the taxon richness did not exhibit clear differences
(Table 3). In this habitat, the higher numbers of individuals
were always associated with intermediate taxon richness. On
the other hand, during March and July 2010, neither of the
studied habitats in the main-channel site showed a clear ten-
dency to collect more taxa nor individuals (Table 4).
The temporal distribution of macrobenthic fauna at Tsuya
Stream showed a narrow range of variation. The number of
the recorded taxa at both sites ranged from 40 to 47 with the
maximum value in July 2010 (Table 5). Meanwhile, the num-
ber of recorded individuals varied between 934 and 1001 with
a higher value in October 2009.
Taxon richness of the mother community
Taxa-abundance curves on octave of invertebrate communities
in Tsuya Stream (all months’ sample and each month samples)
are shown in Fig. 2. Cumulative taxon richness observed in
samples was decreased by one after excluding the higher taxon
(Tanypodinae). All taxa- abundance curves on octave for each
month community and all months have signiﬁcant regressions
(Table 6).
The estimated taxon richness of the mother community by
theMorisita method ranged from 50 to 76 taxa, with the highest
in July 2010 and the lowest in October 2009 (Table 6). Taxon
richness evaluated by the Preston method varied between 57
and 65, with, again, the highest in July 2010 and the lowest in
October 2009. All months’ community varied between 94 and
109 taxa estimated by Morisita and Preston methods,
respectively.
Taxa-abundance pattern of chironomid larvae
Comparable total numbers of taxa occurred at inlet and main-
channel sites (18 and 16, respectively) through the years 2009–
2010. The assemblage in the main-channel site showed a
slightly more equitable pattern of relative abundance than that
in the inlet site. Compared to the patterns of rank abundance
demonstrated by different models as proposed by Tokeshi
(1990) (Fig. 3), taxa relative abundance curve showed a distinct
pattern approximated by the Random Fraction model (Fig. 4).During different sampling occasions, March 2010 har-
boured a larger number of chironomid larvae (21 taxa) than
October 2009 (14 taxa) and July 2010 (13 taxa). Taxa relative
abundance patterns of chironomid larvae were quite similar
and approximated also by the Random Fraction model
(Fig. 5).
Discussion
Benthic macro-invertebrate assemblages are structured accord-
ing to physical and chemical parameters that deﬁne habitats,
and other biological parameters that inﬂuence their reproduc-
tive success. Springs are unique ecosystems characterized by
special water ﬂow and with an almost ﬁxed water temperature
that enable special taxa of macro-invertebrates to survive and
reproduce.
Macro-invertebrate assemblages of spring ﬂow are scarcely
studied in Japan (e.g. Ito, 1988; Nozaki and Tanida, 2006).
Based on samples collected in June 2005, Abdelsalam and Tan-
ida (2009) listed 52 taxa of macro-invertebrates from the same
present area of study. Nineteen of them were recorded only in
that previous study, while the other 33 taxa were common be-
tween the previous and the present studies. Of the 65 taxa iden-
tiﬁed in the present study, 32 taxa are new records. So in total, 84
taxa of benthic invertebrates have been recorded from the area
in both studies. In the present study, the most representative
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Figure 4 Pattern of relative abundance of Chironomidae taxa at the inlet and main-channel site through the years 2009–2010.
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Figure 5 Pattern of relative abundance of Chironomidae taxa recorded at both sites in different sampling occasions.
48 Kh.M. Abdelsalam, K. Tanidagroups of new records are Oligochaeta (8 taxa) and Diptera (15
taxa, 1 Simuliidae and 14 Chironomidae). It is well known that
Diptera is a major order and Chironomidae is by far the most
diverse group of benthic invertebrates in streams and rivers (Pin-
der, 1986; Coffman, 1995; Cranston, 1995). Six of the eight new-
ly recorded taxa of Oligochaeta, afﬁliate to the family Naididae.
Brinkhurst and Gelder (2001) indicated that members of Naid-
idae are truly cosmopolitan and widely distributed among dif-
ferent habitats.
Glazier (1991) reported the prevalence of non-insect taxa
(Crustacea, Gastropoda and Turbellaria) in a relatively hard-
water limestone of 15 shallow springs in central Pennsylvania,
USA. Higher abundance of non-insect taxa was correlated
with increasing pH and alkalinity of the spring. In contrary
to that, most families and orders of insect taxa were less fre-
quent at high pH and alkalinity. Krawczyk and Ford (2006)
indicated that the conductivity of clean limestone is
>600 ls/cm. However, readings of conductivity in the present
work varied between 90 and 212 ls/cm, indicating soft-water.
Consequently, the higher frequency of insect taxa (82% of to-
tal individuals) in the present study seems to be related to the
greater proportion of soft-water as opposed to hard-water
springs represented by Glazier (1991).Although the temporal change of macro-invertebrate fauna
at Tsuya Stream showed a narrow range of variation, the spa-
tial variation was clearer between the two studied sites espe-
cially for number of individuals. This ﬁnding agrees with the
low values of faunal similarity between the two sites (Jacquard
Index) during different sampling occasions. The higher taxon
richness and individual numbers at the inlet site seem to be a
reﬂection of its ecological complexity and variation of micro-
habitat composition (macrophyte, mud and gravel), associated
with running and stagnant waters. Staudacher and Fu¨reder
(2007) mentioned that habitat complexity, variable microhab-
itat composition and the concomitance of lotic and lentic areas
in the spring’s zone furthered a high species diversity and
abundance.
While, Mollusca and Oligochaeta showed more individuals
in the main-channel site, Crustacea was more frequent in the
inlet site. In the main-channel site, the abundance of the gas-
tropod Semisulcospira sp. (Family: Pleuroceridae) was related
with macrophyte and gravel habitats. Brown (2001) indicated
that Pleuroceridae are snail algivores that collect all compo-
nents of the periphyton which covered the substratum. Croll
(1983) reported that freshwater gastropods have the ability
to locate macrophytes through distant chemoreception. Higher
Diversity and spatio-temporal distribution of macro-invertebrate communities 49numbers of the bivalve Corbicula (Corbiculina) sp. are associ-
ated with gravel habitat at the main-channel site. McMahon
(1999) indicated that this genus is able to colonize habitats
ranging from bare rock through gravel/sand to silt. Its opti-
mum habitat is the oxygenated sand or gravel-sand (Belanger
et al., 1985). In the inlet site, the higher number of the crusta-
cean decapod (Paratya sp., family: Atyidae) was associated
with lentic area at water weed or mud habitats during October
2009 and March 2010. This genus is widely distributed in
ponds and in slow areas of streams (Ue´no, 1986).
While, Ephemeroptera and Chironomidae (Diptera) indi-
cated higher individual numbers in the inlet site, Trichoptera
showed more individuals at the main-channel site. These dif-
ferences may be related to variation of some environmental
parameters such as the dissolved oxygen content at each site.
The main-channel site showed higher content of dissolved oxy-
gen. Caddisﬂies were always associated with cleaner habitat
(Rosenberg et al., 2008) than Chironomidae which was re-
garded as tolerant taxa (Moss, 1993). High numbers of Chiro-
nomidae (Diptera) in the inlet site indicated lower dissolved
oxygen content of sub-bottom samples, measured in March
and July 2010.
Nevertheless, the mud habitat of the inlet site was more
productive than submerged macrophyte and gravel habitats.
At this habitat, the large numbers of the chironomid, Para-
tendipes, during October 2009, Polypedilum and Stictochirono-
mus, during March and July 2010, appear to have been
governed by their ecological requirements such as high organic
matter, burrowing (tube makers and builders), and soft sub-
stratum (Wiederholm, 1983; Merritt et al., 2008).
In the present study, two statistical methods were used to
evaluate the taxon number of the mother community: one is
based on Preston’s curve (Preston, 1948) and the other is that
proposed by Morisita (1996). The taxon richness using the
regression method of Preston’s model always gives higher val-
ues than the Morisita method except in July 2010 which, is
mainly related to the high number of taxa with only single indi-
vidual. This agrees with the ﬁnding of Nakano and Tanida
(1999) who indicated that the Morisita method is not affected
by the taxa abundance patterns of community.
The pattern of relative species abundance is an expression
of the momentary balance set up within the community, result-
ing from past and/or present competition for resources, and
population dynamic processes (Williams, 1964). Niche parti-
tioning model has been the most applied to natural communi-
ties (Ferreira and Petrere-Jr., 2008). Niche-orientated models
are more likely to yield information directly pertinent to com-
munity structure when applied to communities containing a
small number of closely-related species (Tokeshi, 1990). In
the present study, the Random Fraction was the most appro-
priate niche-apportionment model which ﬁtted to the chirono-
mid communities. This agrees with the ﬁnding of Tokeshi
(1990) and Fesl (2002). This model represents a sequential divi-
sion of total niche in a random fashion (Tokeshi, 1990; Tanig-
uchi et al., 2003). The amount of resources used by the species
does not affect their probability distribution within the com-
munity. In other words, there is no dominance of hierarchy
among taxa (Tokeshi, 1990) and the community is distributed
in a random fashion. On the other hand, the MacArthur Frac-
tion model is a sequential version of the broken-stick model.
The species that use larger amounts of resources have morechance of dividing the resources with the alien or invasive spe-
cies (Ferreira and Petrere-Jr., 2008).
In conclusion, springs are very interesting habitats, not only
for ecological and biogeographical studies, but also for their
characteristic fauna. However, there is a spatio-temporal vari-
ation in the distribution of macro-invertebrates of the Tsuya
Stream, which is mainly related to the change of some environ-
mental conditions such as, habitat complexity, dissolved oxy-
gen and faunal habitat requirements. Using two statistical
methods; the estimated taxon richness of the mother commu-
nity has been achieved. Moreover, niche-orientated model
indicates that the communities are distributed in a random
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